Purpose: To systematically evaluate and quantify the effects of Tai Chi/Qigong (TCQ) on motor (UPDRS III, balance, falls, Timed-Up-and-Go, and 6-Minute Walk) and non-motor (depression and cognition) function, and quality of life (QOL) in patients with Parkinson's disease (PD). Methods: A systematic search in 7 electronic databases targeted clinical studies evaluating TCQ for individuals with PD published through August 2016. Meta-analysis was used to estimate effect sizes (Hedges's g) and publication bias for randomized controlled trials (RCTs). Methodological bias in RCTs was assessed by two raters. Results: Our search identified 21 studies, 15 of which were RCTs with a total of 735 subjects. For RCTs, comparison groups included no treatment (n ¼ 7, 47%) and active interventions (n ¼ 8, 53%). Duration of TCQ ranged from 2 to 6 months. Methodological bias was low in 6 studies, moderate in 7, and high in 2. Fixed-effect models showed that TCQ was associated with significant improvement on most motor outcomes ( Conclusion: Evidence to date supports a potential benefit of TCQ for improving motor function, depression and QOL for individuals with PD, and validates the need for additional large-scale trials.
Introduction
Parkinson's disease (PD) is one of the most common progressive neurodegenerative disorders, leading to loss of motor function and reduced quality of life. A growing body of evidence supports the role of exercise in improving both motor and non-motor outcomes in PD [1e3] . In fact, exercise is now considered an integral part of the management of PD [4e6] .
Tai Chi and Qigong (TCQ) are two increasingly popular mindbody interventions that have the potential to address a range of motor and non-motor symptoms associated with PD [7] . TCQ share a common history which includes elements of traditional Chinese medicine, martial arts conditioning, and Asian lifestyle philosophy. Both integrate balance, flexibility, and neuromuscular coordination training with a number of cognitive components, including heightened body awareness, focused mental attention, imagery, multi-tasking, and planned and goal-oriented training, which together may result in benefits to PD above and beyond conventional exercise [8] . In contrast to many styles of yoga or seated mind-body meditative practices, TCQ typically places a greater emphasis on standing and dynamic movements (e.g. pushing and lifting gestures linked to martial applications) that have the potential to impact gait, balance, and other functional activities. For these reasons, in the present work TCQ are grouped together and are considered equivalent interventions, paralleling other recent reviews [9e11] .
The evidence for TCQ's effects on PD motor symptoms have been evaluated in a growing number of trials, with prior meta-analyses and systematic reviews generally showing positive support for clinical measures of balance [12e14] . Mixed or inconclusive results for other motor outcomes (e.g., gait, mobility, and falls) have typically been reported, in large part due to the few numbers of studies assessing these outcomes [12e14] . Even less attention has been devoted to systematically evaluating the effects of TCQ on nonmotor outcomes [12] , and no meta-analyses to date have evaluated key issues such as depression and cognitive function, which have been shown to be strongly linked to overall quality of life [15] .
Research to date exploring possible neuromuscular and behavioral mechanisms underlying TCQ's effect on postural control add credibility to clinical findings, however, these studies have generally not included populations with PD. Studies largely focused on normal aging suggest that enhanced motor performance may be due to various underlying processes, including improved lower extremity strength and flexibility [16e22], proprioception and postural awareness [23e25] , neuromuscular coordination and reaction time [26, 27] , executive function [28] , and reduced fear of falling [29, 30] . Less research has evaluated mechanisms that may contribute to improvements in non-motor function. TCQ related improvements in depression and anxiety have been hypothesized to be related to modest cardiovascular loading, breathing and imagery related changes in autonomic tone, cognitive restructuring leading to reduced rumination and catastrophizing, and indirect effects of enhanced motor confidence and enhanced self-efficacy [11,31e33] . These mechanisms, as well as multi-tasking and attention shifting training associated with TCQ, have been hypothesized to contribute to enhanced cognitive function [34] , and some studies have reported correlations between TCQ-related improvements in cognitive function and brain neural architecture and resting state neural network activity [35, 36] . However, these studies have not been conducted in PD populations.
Using a meta-analytic approach and incorporating a number of recent clinical trials not included in previous reviews [37e41], this study aimed to systematically evaluate and quantify the effects of TCQ on motor and non-motor function and quality of life in patients with PD.
Methods

Literature search
Electronic literature searches were performed using PubMed, CINAHL, Web of Science, ProQuest Central, Science Direct, Scopus, and Cochrane Library for English language articles published until August 30, 2016 . The search terms were Tai Chi, Taiji, Qigong, and Parkinson's disease. Additional manual searches based on references listed in the retrieved articles were performed to complete the search.
Eligibility criteria
Randomized controlled trials (RCTs) and prospective nonrandomized controlled and observational studies published in English in which Parkinson's disease was the primary disease and Tai Chi and/or Qigong were the primary interventions were included. Formal meta-analysis was limited to RCTs, with non-RCTs used to qualitatively further inform synthesis of the overall evidence.
Study selection and data extraction
Study eligibility assessment was performed independently by two researchers (WG and KO) who applied eligibility criteria using a standardized protocol. Data were extracted by two reviewers (RS and MP) independently using a standardized template generated in Microsoft Excel. Data related to study design, duration and frequency of the intervention program, type of the control, sample size, and outcome measures were extracted for qualitative analysis in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA) [42] .
Risk of bias assessment
Two researchers (RS and MP) independently assessed the methodological quality of RCTs using the 10 item Cochrane Collaboration Tool for assessing risk of bias. Criteria include: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data (attrition rates or ITT), selective reporting, eligibility criteria, groups similar at baseline (primary outcome), rationale for sample size, and other bias [43] . A summed score of 5 points or more was set as the threshold to be excluded in the analysis. The evaluated domains were assessed as 0 (no bias), 1 (minimal bias), or 2 (moderate or severe bias) according to the established criteria [43] . Any discrepancies in the evaluations conducted by two authors were discussed and resolved.
Safety monitoring
Studies were reviewed to identify if formal protocols for systematically monitoring adverse events were described, and if adverse events reported in the study were associated with the intervention.
Data analysis
Outcome data for formal meta-analysis using identified 15 RCTs with 735 subjects with PD were systematically extracted and organized in a database. For each outcome, data extracted included the mean and standard deviation (SD) of the pre-test and post-test values for each group, mean and SD of change scores in each group, t score or p-value within groups, and sample size (N) in each group. When these data were not available, data in the form of standard errors, confidence intervals or medians with ranges were converted into mean and SD format using previously suggested statistical formulas [43, 44] .
Comprehensive Meta-Analysis software v3 (CMA v3, Biostat, Inc. USA) was used for data synthesis. When an outcome of interest (e.g., depression) was measured with multiple instruments, a pooled effect size was calculated by CMA. For continuous data, Hedge's g and 95% confidence intervals (CI) using a fixed effect model were calculated to estimate mean differences between groups for all eligible trials. The Q value and I 2 statistics were used to assess heterogeneity for the variation in true effect sizes across the included studies; a low p value for the Q statistics and/or I 2 index above 40% indicated significant heterogeneity [43] . Publication bias was assessed using funnel plots. Pooled effect size for each outcome variable of motor and nonmotor function was calculated. Subgroup analyses were also conducted according to the comparison group; alternative active interventions (e.g., exercise, health education, meditation) or no treatment (e.g., no contact control, wait list).
One study [45] only reported data combining multiple outcomes; the authors for this study were contacted and provided the raw data needed to extract separate scores for each outcome. Removing duplicates resulted in 200 records. The title and abstracts of these records were screened according to the inclusion criteria. A total of 28 full text articles met eligibility criteria and were further reviewed, with an additional 7 being excluded due to duplicated data in separate publications, or inappropriate study design. Of the remaining 21 eligible studies, 15 were RCTs and 6 non-RCTs, of which 11 RCTs and 4 non-RCTs have been included in previous systematic reviews or meta-analysis [37e41].
Results
Study selection and characteristics
Among the 15 RCTs, Li and colleagues [38, 46, 47] published 3 papers from the same parent trial, with each paper emphasizing different outcome variables. Outcome variables duplicated across publications were excluded in analyses. Li and colleagues [38, 46, 47] also had more than two comparison groups; data for each comparison group were separately entered in the analysis with the sample sizes adjusted (i.e., divided by 2) to minimize over-influence of one study. Amano et al. [48] reported two research studies within one publication, each including unique interventions and control groups; these were treated as separate studies in analyses.
3.1.1. Participants characteristics and study setting Table 1 summarizes the 21 studies (15 RCTs and 6 non-RCTs) which include a total of 838 subjects. Study participants all had diagnoses of idiopathic Parkinson's disease with Hoehn & Yahr scores ranging from 1 to 4 with an average of 2.3. The average age of the participants was 67.5 y; 58.4% of participants were male. All RCTs included patients on a stable PD medication regimen. All but two studies conducted testing in the on-medication state. The two studies evaluating outcomes in the off-medication state utilized a 12-hour pre-testing washout period [39, 40] .
Intervention and control group characteristics
Tai Chi was used as an intervention in 16 studies. In nearly all cases, a modified, simplified, or short form of Tai Chi was used. All interventions were delivered in a group setting, but one study [49] utilized home training sessions following only four 45-min group trainings. The duration of interventions ranged from 5 to 24 weeks. Individual intervention sessions ranged from 45 to 90 min, and the frequency of classes varied between 1 and 3 times per week. Studies varied in their prescriptions for home practice regimens. Nine studies compared TCQ with other alternative active interventions (e.g., exercise, resistance training, walking or dance); 7 studies employed a no-treatment or wait-list control group, and 5 studies were uncontrolled.
Outcome measures
For motor function, UPDRS Part III was most commonly assessed (14 studies), followed by balance (9 studies), Timed-Up-and-Go (8 studies), 6 MW (6 studies), and falls (2 studies). For non-motor outcomes, quality of life was most frequently measured (9 studies), followed by depression (3 studies) and cognition (3 studies).
Adverse effects
None of the 15 RCTs reported protocols for monitoring adverse events. Two studies did mention safety was monitored without providing detail [50, 51] , but no safety related results were reported. Three separate studies reported no adverse events related to interventions were observed [41, 47, 52] . No serious adverse events were reported in any study.
Risk of bias assessment
The fifteen RCTs were assessed for risk of bias (Table 2 ). Randomization procedures were described in all studies, but 6 of them provided no specific details of procedures used. Allocation concealment was not mentioned in 6 studies (60%), while 14 studies (93%) reported blinding of outcome assessment. Seven studies (46%) reported either intention to treat approach or no dropouts. Homogeneity of baseline data was confirmed by most studies, but one study [51] reported significant differences in baseline values of an outcome variable. Twelve studies (80%) did not provide a rationale for the sample size. Overall rating of bias assessment indicated that 6 studies were methodologically strong (0e1 risk), 7 studies moderate (2e3 risk), and 2 studies were weak (4 risk). No studies met the pre-defined threshold for exclusion from the analyses.
Effects of TCQ on motor function
Unified Parkinson's disease rating scale (UPDRS) part III
Motor symptoms were assessed with the UPDRS III in 13 studies [37, 39, 40, 45, 46, 48, 49, 51 ,53e57], including 11 RCTs. Lower scores reflect less severe motor symptoms. Meta-analysis of the 11 RCTs employing a fixed effect model indicated an overall small effect size (Hedges's g ¼ À0.444, 95% CI -0.606 to À0.282, p < 0.001) supporting that TCQ significantly improved motor function relative to all control groups. Q-value (p ¼ 0.732) and I 2 (0%) indicate no heterogeneity. The subgroup analysis limited to 6 studies with active control groups revealed a slightly lower but statistically significant effect size (ES ¼ À0.368, p ¼ 0.001). The effect size limited to the 6 studies with a no-treatment control group was relatively larger (ES ¼ À0.555, p < 0.001). Lack of heterogeneity persisted in subgroup analyses. Publication bias was not suspected based on the funnel test plot asymmetry. Of note, the two non-RCTs that assessed UPDRS did not report statistically significant withingroup improvements [39, 54] (see Fig. 2-A [61] also reported withingroup improvement in TUG (see Fig. 2 -C).
6-Minute walk (6 MW)
Four RCTs [40, 45, 53, 55] assessed the effect of TCQ on the 6 MW test. A fixed-effect model indicated that TCQ did not significantly improve 6 min walking speed compared to control groups (Hedges's g ¼ À0.293, 95% CI -0.603 to 0.017, p ¼ 0.064), although most studies showed greater improvement in performance in the TCQ group. Q value (p ¼ 0.356) and I 2 (7.49%) showed limited heterogeneity. Due to the small number of studies, subgroup analyses were not performed (see Fig. 2-D) .
Falls
Only 2 RCTs [38, 49] assessed the effect of TCQ on the number of fall rates. A fixed-effect model indicated that TCQ significantly reduced fall episodes compared to control group (Hedges's g ¼ À0.403, 95% CI -0.677 to À0.129, p ¼ 0.004). Q value (p ¼ 0.623) and I 2 (0%) confirms limited heterogeneity. One non-controlled study [60] also reported that the PD patients experienced fewer Note. NS (not specified, counted as 1); NR (not reported); UGS (unequal group size). *Higher scores represent more bias. falls at the beginning vs. at the end of a 6-month Qigong program (see Fig. 2-E Fig. 3-A) . One non-controlled study [39] also reported no significant improvements in cognition following 6 weeks of Qigong training (see Fig. 3-B) . [54] also reported statistically significant improvements in quality of life when Tai Chi was compared to a no treatment group (see Fig. 3 -C).
Cognitive function
Discussion
Due to recent changes in the understanding of the nature of PD, exercise is now widely recommended to individuals with PD for maintaining balance, mobility and overall quality of life. Nonetheless, few evidence-based guidelines are available to inform optimal exercise regimens. Extending prior meta-analyses and systematic reviews by including 5 recent studies (4 RCTs) not considered in prior reviews, our findings support the idea that TCQ may be effective in reducing multiple motor and non-motor symptoms for people with PD. With respect to motor symptoms, our metaanalyses indicate clinically relevant medium effect sizes in favor of TCQ for Part III of the UPDRS, clinical measures of balance, and fall reduction, and a small effect size for TUG. For non-motor outcomes, meta-analyses indicated clinically relevant small-tomedium effect sizes on quality of life and depression. Of note, for Part III of the UPDRS, balance, and quality of life, significant effect sizes persisted even when comparisons were limited to active controls. This finding suggests that the benefits of TCQ are likely to not solely be due to attention or psychosocial support factors, but instead, are the result of mind-body exercise-specific activities. In fact, the results of two trials support that TCQ may be superior to other conventional exercise interventions, though further comparative effectiveness studies are needed to confirm this observation and inform mechanisms leading to relative superiority [46, 51] . Finally, although the evaluation of TCQ's safety within most trials that we included was not systematically assessed and was poorly described, there were no serious adverse events reported. This finding suggests that TCQ is likely to be safe for people with PD across multiple stages of disease progression [62] .
Gaps in previous reviews
The overall conclusions of our study parallel conclusions reported in other recent reviews, but in addition to including updated evidence, the methods employed in our study differed in important ways. First, a number of prior reviews have been limited to qualitative synthesis and have not also included quantitative metaanalytical methods [63, 64] . For studies that did include metaanalysis, one in 2014 focused only on Tai Chi (excluding Qigong) and included 9 trials in quantitative synthesis (vs. 15 in the present study) [7] . Another 2014 meta-analysis focused only on motor outcomes and included 8 trials [13] . A 2015 review that evaluated both Tai Chi and Qigong included 13 RCTs, however, 4 of these were published in Chinese and thus are not included in our review [14] . Finally, one 2016 review including meta-analytic methods employed broader inclusion criteria, synthesizing results from multiple mind-body modalities, including yoga and dance in addition to Tai Chi [12] .
Effects of TCQ on motor function
The UPDRS motor subscale was the most commonly assessed measure of motor function in TCQ trials. This is the most widely used clinical scale to measure disease progression and severity and the response of motor function to therapy [65] . In many pharmacology and exercise studies, it is the primary outcome, thus it is worth discussing this outcome in more depth. For Part III of the UPDRS, we found an overall small effect size of À0.44; when analyses were limited to the 6 trials with active controls, effect size remained statistically significant (À0.37). When we narrowed our focus to the 4 randomized trials deemed to have lowest bias in our review (i.e., bias scores 1 out of 10), absolute changes in UPDRS following TCQ ranged from À6.4 to À1.5 (average ¼ À3.7). This average magnitude of change meets the threshold for established clinically important differences (minimum of 2.5 for UPDRS to 3.5 for MDS-UPDRS) with variation in reported meaningful differences due to instrument used (UPDRS vs. MDS-UPDRS) and severity of disease progression [66, 67] . The magnitude of effects of TCQ on Part III of the UPDRS that we observed are similar to those reported for physiotherapy [68] , but lower than those reported following training in Argentine Tango [69] , or for patients taking dopamine medications [57] or undergoing deep brain stimulation [70] .
Because of the significant variability in intervention duration for studies evaluating UPDRS motor subscale, we also conducted an exploratory subgroup analysis based on TCQ exposure length. TCQ protocols varied from 5 to 24 weeks across studies. A comparison of shorter-term (12 weeks or less) vs. longer-term (13 weeks or more) protocols indicated effect sizes of À0.121 (p ¼ 0.625) and À0.426 (p < 0.001), respectively. This suggest that longer exposures may be more effective, and emphasizes the need for further dosing studies, including studies that explore multiple domains of dosing, such as combined hours of class and home practice and measures of progressions in proficiency of performance [71] .
In addition to overall motor performance assessed with part III of the UPDRS, we also found significant improvements in clinical measures of balance and mobility. The 6 MW speed also showed trends towards improvement following TCQ training, but this effect was not statistically significant. Only two studies evaluated fall frequency, but given the public health concerns and impact of falls in PD, the positive finding we observed (ES ¼ À0.40) warrants comment. Both included trials had low risks of bias. In the smaller of the two studies (n ¼ 76) conducted by Gao and colleagues [49] , 12 weeks of Tai Chi training resulted in a significant drop in fall incidence assessed 6 months post training, with 21.6% of Tai Chi group reporting falling at least once, compared to 48.7% in the control group. In the study by Li and colleagues [46] (n ¼ 195), 24 weeks of Tai Chi training resulted in an average of 12% monthly fall rates in the Tai Chi group (estimated over a 9-month period); in comparison, resistance training and seated stretching controls exhibited 23% and 38% average fall rates, respectively. A subsequent analysis of the data of Li and colleagues concluded that Tai Chi is a cost effective approach for fall prevention in PD [38] .
Effects of TCQ on non-motor outcomes
An important finding from this review is that Tai Chi positively impacts multiple non-motor symptoms, in addition to motor symptoms. The most common non-motor outcome evaluated in TCQ trials was QOL assessed in all RCTs using the PDQ-39 [72] . For QOL, we found an overall effect size of À0.39; when analyses were limited to the 3 trials with active controls, effects size actually increased slightly to À0.50. In the largest trial conducted by Li et al. [46] , QOL in the Tai Chi group improved by 38%; in comparison, QOL in the resistance training and stretching improved by 15% and <1%, respectfully. This is similar to the magnitude of QOL improvements following deep brain stimulation (14e38%) [70] . Meta-analyses also indicated significant improvements in depression. In contrast, the effects of TCQ on cognition was small and not statistically significant, however this estimate was based on 2 small studies [45, 52] . As cognitive deficits are now recognized as an undisputable and highly prevalent feature of PD, both due to natural disease progression and side effects of some medication [73] , additional study of the effects of TCQ in cognition are warranted. In particular, given the demonstrated importance of executive function in gait and balance in PD [74, 75] , and the potential of Tai Chi to improve executive function in normal aging [34] , studies evaluating the impact of TCQ on executive function and dual task performance may be particularly informative. Other outcomes not systematically addressed in TCQ studies to date, but that warrant further study based on the promise of mind-body interventions in other populations, include sleep [76] and autonomic function [77] .
It has been suggested that the broad, multi-system and multisymptom benefits of TCQ may result from its multi-component approach, incorporating training in motor control, postural awareness, cognition, breathing, and stress reduction [8, 78] . In normal aging, some progress has been made in identifying mechanisms of TCQ that may improve balance and gait, and reduce falls, including improving lower extremity strength and flexibility [16e22], proprioception and postural awareness [23e25], neuromuscular coordination and reaction time [26, 27] , executive function [28] , and reducing fear of falling [29, 30] . Preliminary studies also support a neural basis for enhancing cognitive and motor processes [35, 36] . The mechanistic exploration of how TCQ impacts motor and non-motor symptoms in PD is a rich area for further research.
Methodological issues and limitations
An important methodological decision in this study was to use fixed-vs. random-effects models for meta-analyses. Our decision was based on a number of factors and follows established guidelines [79] . First, we began with the statistical assumption that the sample of studies we evaluated was similar enough to represent the true effect sizes for each outcome assessed in trials of TCQ for PD. This assumption is supported by the facts that within each motor and non-motor outcome, there was strong similarity in instruments used, and that study populations across studies were similar with respect to disease progression. This assumption is also supported by I 2 and Q statistics that indicated low between-study heterogeneity in effect size. Finally, it has been suggested that random-models only be used when >5 studies are included in analyses [79] . As this was not the case in some subgroup analyses, we chose a fixed-effect model approach. While not reported in our results, exploratory analyses of effect sizes for all outcomes based on random models were found to be either equal to or larger than the fixed-effect results we reported, with only minor qualitative differences in statistical significance. A general limitation of this review relates to the pluralistic nature of TCQ. Both Tai Chi and Qigong are represented by many different styles (e.g. Chen, Yang, Wu or Sun styles of Tai Chi) and within each style there exist many training protocols (e.g. short-vs. long-forms), with some training regimens developed specifically for research purposes. This heterogeneity limits comparisons between, and generalizations across, studies [71] . Additionally, because of the limited number of studies available evaluating TCQ for PD, as well as the heterogeneity of PD populations evaluated across studies, we did not attempt to quantify or draw general conclusions of effectiveness based on specific styles or regimens. As results of additional larger-scale trials become available, future studies should consider individual patient-data meta-analyses that can evaluate the impact of training regimen while controlling for stage of PD progression and other relevant confounding factors [80] .
There are a number of methodological limitations with our study. First, our study only included trials published in the English language. Future studies should include other languages for a better global estimate. Second, because of the small number of relatively small studies available to assess most outcomes, these findings should be considered suggestive, but not definitive. This concern is reinforced by limitations in methodological quality and by the heterogeneity of both TCQ interventions and controls. Third, we did not distinguish outcomes that were assessed on and offmedication, as has been done in prior reviews [7, 14] . Fourth, there were too few studies to compare the effects of TCQ on subgroups of PD patients, such as early vs. later disease progression or tremor dominant vs. postural instability and gait difficulty. Future TCQ trials targeting or stratifying by specific PD subgroups would contribute significantly to the current evidence base. Finally, our conclusion that TCQ is 'likely to be safe for people with PD' warrants further research. As is the case in trials of many other nonpharmacological therapies, AE reporting in studies of TCQ for PD is poor [62] . Nevertheless, findings of a comprehensive review of 153 Tai Chi studies found that, when conclusions were limited to studies with valid AE monitoring and reporting protocols, Tai Chi was found to be a safe exercise option [62] .
Conclusions
RCT evidence supports a potential benefit of TCQ for improving multiple motor and non-motor outcomes for individuals with PD. Multiple studies and small-to-medium effect sizes support clinically meaningful effects in motor function, balance, and quality of life. More limited evidence also supports positive effects on fall risk and depression. However, all findings must be interpreted cautiously due to limitations in both the quantity and quality of available evidence. Additional large, rigorous trials are warranted to better characterize the effects of TCQ in PD and to guide selection of optimal doses and specific protocols for individuals with different PD subtypes and symptom burdens. 
